In this work we study the semi-leptonic decay ofB 0
I. INTRODUCTION
In the Standard Model, flavor-changing neutral current (FCNC) induced processes are forbidden at tree level. They can only occur via loop diagrams. Meanwhile they are also sensitive to contributions of new physics. Particles of new physics may contribute via loop diagrams as "virtual particles", thereby affecting the physical processes induced by FCNC.
With continuous improvement of experimental accuracy, FCNC processes play an increasingly important role in the new physics research in heavy flavour physics. The most typical process is the one caused by b → sl + l − , such as the rare semi-leptonic decays ofB 0 s → φl + l − (l = e, µ, τ ).
In the past two decades, the decays ofB 0 s → φl + l − (l = e, µ, τ ) have been studied by using several different approaches such as lattice QCD (LQCD) [1] , QCD light-cone sum rule (LCSR) [2, 3] , constituent quark model (CQM) [4, 5] and QCD sum rule [6] . The method of QCD sum rule (SR) was originally developed by Shifman, Vainshtein and Zakharov in the late 1970s [7, 8] , which was then widely applied to the calculation of hadronic physics [9] . Several years ago the translation form factors ofB 0 s → φ inB 0 s → φl + l − (l = e, µ, τ ) decays were calculated with QCD sum rule in Ref. [6] . Compared with other results, some form factors obtained in Ref. [6] are different by negative signs, which are not simply due to different definition for the form factors.
Experimentally, LHCb Collaboration updated the measurement of the branching ratio of B 0 s → φµ + µ − recently [10] , Br(B 0 s → φµ + µ − ) = (7.97 +0.45 −0.43 ± 0.22 ± 0.23 ± 0.60) × 10 −7 .
Hence, considering the status of theoretical calculation and the recent improvement in experimental measurement, we believe that it is valuable to re-consider the decays of B 0 s → φl + l − (l = e, µ, τ ) theoretically. In this work, we revisit the form factors inB 0 s → φ translation in QCD sum rule, and use these form factors to calculate the branching ratios of B 0 s → φe + e − ,B 0 s → φµ + µ − andB 0 s → φτ + τ − . Finally, we compare our results of form factors and branching ratios with previous theoretical works as well as the latest experimental data.
The paper is organized as followings. In Sec. II, we present the effective Hamiltonian and effective amplitude ofB 0 s → φl + l − decay. Section III ∼ IV are devoted to the calculation of the form factors in QCD sum rule method. Section V is for the numerical analysis and discussion. Finally, a brief summary is presented in Sec. VI.
II. EFFECTIVE HAMILTONIAN
At quark level, the effective Hamiltonian of the rare semileptonic decay b → sl + l − can be written as [11] ,
where V tb V * ts is the product of relevant CKM matrix elements. C i denotes Wilson coefficient, and the operators O i are
Then the effective Hamiltonian above leads to the following decay amplitude ofB 0
where p 1 and p 2 are momenta ofB 0 s and φ mesons, respectively. C ef f 9
and C ef f 7 are two effective Wilson coefficients, with C ef f 7 = C 7 − C 5 /3 − C 6 . As for the effective Wilson coefficient C ef f 9 , we take the expression in Ref. [11] , which is given as followings
where we define
III. FORM FACTORS FROM QCD SUM RULE
We have calculated the hadronic matrix elements φ(ε, p 2 )|sγ ν (1 − γ 5 )b|B 0 s (p 1 ) in the decay amplitude given in Eq. (3) in our previous work [12] . So in this work, we need only deal with the other hadronic matrix element φ(ε, p 2 )|sσ νλ q λ (1 + γ 5 )b|B 0 s (p 1 ) in Eq. (3). Similarly the hadronic matrix element φ|sσ νλ q λ (1 + γ 5 )b|B 0 s can be decomposed as [13] φ(ε,
where T 1 , T 2 and T 3 are the transition form factors associated with the current of j T ν (0) = sσ νλ q λ (1 + γ 5 )b, and q is the momentum transfer q = p 1 − p 2 .
As what we did in Ref. [12] , at first we consider a three-point correlation function that is defined as
where j φ µ (x) =s(x)γ µ s(x), j T ν (0) =sσ νλ q λ (1 + γ 5 )b and j 5 (y) =b(y)iγ 5 s(y), which are the current of φ channel, the current of weak transition and the current ofB 0 s channel, respectively.
Next we reexpress the correlation function by using the double dispersion relation
where the spectral density function ρ(s 1 , s 2 , q 2 ) can be expressed as the form containing a full set of intermediate hadronic states as shown below,
where X and Y denote the full set of hadronic states of φ andB 0 s channels, respectively. According to Eqs. (7) and (8), we can integrate over s 1 and s 2 , then separate the ground states, excited states and continuum states, the correlation function can be expressed as
In the above equation, we have used the following definition of relevant matrix elements
where f φ and f Bs are decay constants of the relevant mesons.
By taking the operator product expansion (OPE) for the time-ordered current operator in Eq. (6), we can get another expression for the correlation function in terms of Wilson coefficients and condensates of local operators
where C iµν denotes Wilson coefficients. I,ΨΨ and G a αβ are the unit operator, the local fermion field operator of light quarks and the gluon strength tensor, respectively. Γ and Γ ′ are the matrices that appear in the calculation of Wilson's coefficients. From the Lorentz structure of the correlation function, we can know that Eq. (11) can be rewritten as
The coefficients κ i 's contain perturbative and condensate contributions
where κ pert i is the perturbative contribution, and κ
i , · · · are contributions of condensates of operators with increasing dimension in OPE.
Since the perturbative contribution and gluon-condensate contribution contain the loop integral of momentum, we can obtain the dispersion integrals of κ pert i and κ (4) i , which can be expressed as
where s L 1 and s L 2 are the lower limits of s 1 and s 2 , respectively, which can be found in the Appendix. In principle Eqs. (9) and (12) should be equivalent to each other, because they are two different expressions for the same correlation function Π µν . By using the assumption of quark-hadron duality [7, 8] , one can approximate the contribution of the higher excited and continuum states in Π µν in Eq. 
.
In order to improve the equation, Borel transformation needs to be introduced, that is, for
Borel transformation can suppress both the contribution of higher excited states and contributions of operators of higher dimension in OPE. Then matching these two forms of the correlation function in Eqs. (9) and (12) , and performing Borel transformation for both variables p 2 1 and p 2 2 , QCD sum rules for these three form factors related to matrix hadronic element φ(ε, p 2 )|sσ νλ q λ (1 + γ 5 )b|B 0 s (p 1 ) can be obtained
whereBκ i denotes Borel transformation of κ i for both variables p 2 1 and p 2 2 . M 1 and M 2 are Borel parameters. In this section, we discuss the calculation of Wilson Coefficients in the OPE. The diagrams needed to consider here are similar to that used in our previous work in Ref. [12] . The difference is that the weak transition current j ν (0) =sγ ν (1 − γ 5 )b is replaced by the tensor
IV. THE CALCULATION OF THE WILSON COEFFICIENTS
Here we only depict the diagrams for contributions of gluon-gluon operator in Fig.1 , because our calculation shows that the contribution of gluon-gluon operator does not completely cancel out for the tensor current, which is different for the case of V − A current.
But the contributions of these diagrams are very small compared with other operators. Different from the treatment in Ref. [6] , we do not ignore these contributions in the following calculations. The results of Borel transformed coefficientsBκ 0 ,B(κ 1 − κ 3 ) andBκ 5 in Eq.
(16) are given in the Appendix.
V. NUMERICAL ANALYSIS AND DISCUSSION
The input parameters required for numerical calculation are taken as followings [7] [8] [9] :
The standard values of the condensates above at the renormalization point µ = 1GeV are from Refs. [7] [8] [9] , and the relevant mass parameters and decay constants are [14, 15] ,
Other parameters to be used include [14] :
and the threshold parameters s 0 1 and s 0 2 forB 0 s and φ mesons are 
For the Wilson coefficients appearing in Eq. (4) that are involved in our numerical calculation, the values are listed in Table I [16, 17] .
Next we need to select the appropriate regions for Borel parameters M 1 and M 2 . In our previous works [12, 18, 19] , we have discussed the selection of Borel parameters in detail.
So we do not repeat the details in this paper. The requirements to select Borel Parameters are directly given in Table II , and the selected two-dimensional region for M 1 and M 2 are depicted in Fig.2 . 
The final results for the form factors at q 2 = 0 are T 1 (0) = 0.33 ± 0.07,
T 3 (0) = 0.22 ± 0.05.
The comparison of the form factors obtained in this work in Eq.(22) with other theoretical results calculated by LCSR in Ref. [2] , CQM in Ref. [4] , and also in QCD sum rule in Ref.
[6] are shown in Table III . Some of the form factors obtained in Ref. [6] are different from others by a negative sign. This will affect the physical results of the differential decay width ofB 0 s → φl + l − . By comparison, we find that the results of T 1 (0), T 2 (0) and T 3 (0) in our work, especially the value of T 3 (0), are more consistent with the results obtained by LCSR method in Ref. [2] within the range of uncertainty. Comparing the OPE coefficients in Ref. [6] with the relevant coefficients in this work, we find that the reason for the difference is that there is no contribution of m b /M 2 1 M 2 2 and m s /M 2 1 M 2 2 in Ref. [6] . The contribution of these two terms comes from the first term of Eq. (23) [9, 18] , which gives the main contribution in our calculation
Moreover, the contribution of the operator of dimension-5 is greater than that of the operator of dimension-3 in Ref. [6] , which is also different from our calculation. The physical region for q 2 inB 0
We find that the q 2 -dependence of T 1 (q 2 ) calculated in QCD sum rule can be well fitted by the single-pole model
while the q 2 -dependences of T 2 (q 2 ) and T 3 (q 2 ) are very weak, so we take T 2 (q 2 ) = T 2 (0),
The pole mass in the expression of T 1 (q 2 ) above obtained by fitting the results calculated by QCD sum rule is m T 1 pole = 5.38 ± 0.23 GeV.
We have calculated the form factors related to hadronic matrix element φ(ε, p 2 )|sγ ν (1 − γ 5 )b|B 0 s (p 1 ) in Ref. [12] , and the results are shown in Table IV . 
q 2 = 0 0.30 ± 0.25 0.32 ± 0.07 0.30 ± 0.07 0.45 ± 0.10 Next we shall use all of theB 0 s → φ transition form factors V , A 0 , A 1 , A 2 and T 1 , T 2 , T 3 calculated by QCD sum rules to investigate the differential decay widths as well as decay branching ratios ofB 0 s → φl + l − decays. The expression of differential decay width is given as [17] ,
, and the specific expressions of A(ŝ) ∼ H(ŝ) can be found in Ref. [17] , which are not listed here for brevity.
Considering the possible long-distance (LD) effects and to avoid the contributions of resonances, some cuts around the resonances of J/ψ and ψ ′ are taken in the physical distribution of q 2 . We use the same cuts as that used by LHCb Collaboration in Ref. [10] . There are three regions forB 0 s → φe + e − andB 0 s → φµ + µ − decays:
ii : 11.0 GeV 2 ≤ q 2 ≤ 12.5 GeV 2 ;
iii : 15.0 GeV 2 ≤ q 2 ≤ 19.0 GeV 2 .
and two regions forB 0 s → φτ + τ − decay:
i : 11.0 GeV 2 ≤ q 2 ≤ 12.5 GeV 2 ;
ii : 15.0 GeV 2 ≤ q 2 ≤ 19.0 GeV 2 .
The q 2 -dependence of differential decay widths with long-distance (LD) effects are shown in Fig.3 . Integrating the differential decay width in Eq. (25) with respect to q 2 within the relevant region, we can obtain the value of integrated decay width Γ(B 0 s → φl + l − ). According to the definition of decay branching ratio
and the total decay width ofB 0 s meson: Γ total (B 0 s ) = 4.362 × 10 −13 GeV [14] , we can get the branching ratios of the three semileptonic decay channels ofB 0 s → φl + l − (l = e, µ, τ ),
The experimental result of the total branching ratio ofB 0 s → φµ + µ − is [10] Br(B 0 s → φµ + µ − ) = (7.97 +0.45 −0.43 ± 0.22 ± 0.23 ± 0.60) × 10 −7 .
Obviously, our result in Eq. (30) agrees well with the experimental data within uncertainties.
VI. SUMMARY
We revisit the semi-leptonic decays ofB 0 s → φl + l − (l = e, µ, τ ) with QCD sum rule method. TheB 0 s → φ transition form factors V , A 0 , A 1 , A 2 [12] and T 1 , T 2 , T 3 are calculated, then they are used to obtain the branching ratios ofB 0 
Bκ
B κ
In the perturbative diagram, we consider the condition that all internal quarks are on their mass shell [20] , which gives the lower limit of the integration s L 1 as
2) Results for Borel transformed (κ 1 − κ 3 ) : 
Results for Borel transformed κ 5 : (A14)
